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(57) ABSTRACT

Systems and methods are disclosed heremn for training a
control system based on prior audio inputs. The disclosed
systems and methods receive a non-lexical or iterjectional
audio nput. State change indications are also received and
stored by the system within a predefined period of time
starting from the time the system received the audio mput.
The system then receives a subsequent audio input. If the
audio inputs of both the audio mput and the subsequent
audio mput match, and contextual information for the audio
input and the subsequent audio input match, the system
stores a match association, comprising a confidence factor,
for the subsequent audio mput to the audio mput 1n the
associative data structure. If the confidence factor i1s greater
than a preconfigured confidence level, the system executes
one or more functions based on stored state change 1ndica-
tions.

20 Claims, 8 Drawing Sheets

100

| Receive state change indicatian

Control System Database
102
==,
104
W
Sto {0
| andrear. SULIO Input, contextyaf information
! Sta_te change indications ? 106 E

»



US 11,087,740 B2

V1 Ol

HORENPUL 98UeYD 33835 31900 z__

L
S
&
v
~
W
U
—
7.
o7

v
-
—
L
=] A—
- Zot
of
-
<

aseqeie( 1d35Ag jONU0)D

001

U.S. Patent

WL

Ndul opne aag

1"!'. .

o .

IOy

”H_

T 921A3Q

|

U 201AaQ7 7 gdina(]

,‘H

/0T IUSWUCIHAUD pBULAQ



US 11,087,740 B2

Sheet 2 of 8

Aug. 10, 2021

U.S. Patent

10T

g1 Ol

Tuonoun S0t Jo suo Bunnoaxe 1T

nlir alir lir oiir e oir olir e oiir olr olie ole e oie ol ol olie ol e ole ol alie olie e olie ol olie e e olie ol olle ole

Hm:” L wndut oipne 93Ul Jo Uon e Gt EmeEoU
po101s pue ndug otpne piocls Y IR E N

aseqeie( 11935AG j011U0D

it . mm..mhﬁuwu.mqumuﬁwfmwﬂhmm@qmw#mww ﬂ.nu”w_ﬁ@mmwﬂ

AIOI0ESIIES S 10108} DUBPHUGD Suuaaaep 03 asuodsal Ui

nlir aiir e olir alir ol oiir ofir o oir ol oie olir ol olie ole olie olie ol olie olie ol olie olie e alie e olie olie e olie ol ol olie ol nlir olir alir olir oiir o oir ol o olir ol e olie ol olie olie olie olie ol olie olie e alie olie olie olie e olie ol olie olie ol alie olie olie olie alie alie olie olie olie olie olie olie ol oie olie ol olie ol e olie ol olie alie e olie ol olie e ol ol

T 921A8Q U AR T BIARQ

S

,‘H

/0T JUBUOHAUD pauyag



US 11,087,740 B2

Sheet 3 of 8

Aug. 10, 2021

U.S. Patent

00¢

¢ Old

z0?
AU 2INIONIIS BIB(] SAIILID0SSY

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

90¢
207 UOI1IB IO

¥0C

eyeq induj ojpny

SUOIEDIpU} @3uRY) B1R1S {ENIAAUO)

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111



US 11,087,740 B2

Sheet 4 of 8

Aug. 10, 2021

U.S. Patent

00€

01¢
£ B32IA3(]

7 321A3(]

90¢
1 3IA3Q

- o m am am am Sy SR Ep

¢ Oid

21N1INIIS BIRQ |BNIXSILOD
Z0€

WIFISAS jO4L0D

vOE

3ANNIIS LIR(G SANRIDOSSY




U.S. Patent

400

Control System 402

Aug. 10, 2021 Sheet 5 of 8

: .ﬂ:*4'*l'*l'*4'*:*l'*l'*:*l'*4'*:*l'*l'*:*l'*l'*l'*l'*4'*l'*l'*:*l'*Jr*:*l'*l'*:*l'*l'*l'*l'*:*4'*l'*:*l'*l'*:*l'*l'*:*l'*l'*l'*l'*:*l'*4'*:*l'*l'*:*l'*l'*l'*l'*4'*l'*l'*:*Jr*l'*:*l'*Jr*:*#*l'*l'*#*k*#*#*l'*l'*#*‘l‘“.

o
T *Jr*4-"Jr"Jr*Jr"Jr"Jr*4-"Jr*Jr*4-"Jr"Jr*Jr"Jr*Jr*4-"Jr*Jr*Jr"Jr"Jr*4-"Jr*Jr*4-"Jr"Jr*Jr"Jr*Jr*4-:Jr:Jr:4-:Jr:Jr:4-:Jr:Jr:4-:Jr:Jr:Jr:Jr:Jr:4-:&:&:&:&:&:&:&:&:&:&:&:&;
o o
F

I
I
I
I

>
n
F
i
p
e
PN

[ :"’:"’:"‘:":ﬂ

PR S S
)
o 1 S o sl o e o o i N

»

F
A i e e i e e e e e e
. .

i e e A e N R

X X
) L
X ¥
.

¥

e Yol

r‘p.._-._.—-

-

wn ™

-

ol -

try

408

ircui

Processing
C

try

i
-

-

$rCuUl

g
of
-

(XL

Control C

i’ Tt -l st e e’ Tl e ] e -l dady ] e e Y e e e e e e e

"'-._? L
~ . L1

r
-

.,J"‘_-H‘

US 11,087,740 B2

FIG. 4

Control System
402




US 11,087,740 B2

Sheet 6 of 8

Aug. 10, 2021

U.S. Patent

0TS

o0
LN

905

S Ol

V9 :0]4 93§

34NIINILS BIEPD SAIIRIZOSSE UR Ul SUOIIePUL
asdueyd 91315 40W JO U0 ay] pue ‘vorjeIojul
{ENIX3IU0D 3yl ‘INAUl OIpNEe 3Y) 31018

Ul o1pne syl Jo swiy 1e indul
OlpNe 94l 10} UOIIBUIIOU {ENIXIIU0D LIRS

B — e w—

S3A

¢ W JO potiad pauijapaid
UIYLIM PBAISD3L 93URYd 81e18

auil Jo poitad pautjapald
UIUHM SUOIIEIDUT B5URYD 31R]1S IA13I3Y

S

1ndul oIpne Aty

ON

A ——

00S




@ |

- . .

— 99 ‘Did V9 "Dl

M H9 ‘Dl .33§

X C 8 > >

v o

<.

y—

— o UOIIBIDOSSE

w '4) UD1BWS 341 JO 10108} IDUIPHUOI 3Ld 1snipY

i

10138} 2IUPHU0D B FUis1Iduion
UO1IRID0SSE Yalew ayl ‘@iniontls elep

019 SAIRID0SSE BYY Ul Indut otpne ayl 03 ndut oipne
juanbesgns 9yl 40} UOIILID0SSE oleWw e 21015
v o
S
> S3A
e~
~— ——
L |
= m ___
- 309 ¢ (g) pue (e} 10} punoy yote
379 SUOIIEDIpUl 38ueYD
21815 PRIOIS BYL VO pase SUORIUN 81N0aX3 |
v— m
3 &3 ndug oipne ayl jo BOIIBWLIOLUT [eNIXIIU0D
m | P2301S YL saydiew ndul oipne Wwanhasgns
= 3y 10} UOIIR L0 JENIXIU0D 3Y1 ()
v— 909 pue ‘Indus otpne palols
ah 319 ¢ IOAR] 32UBPLUOD pasnsdijucoasrd ueyl | 241 sayaiews 1nduy oipne wanbasgns ayj (e)
M 1912248 Yolews JO 1010B] 3IUIPHYUOD ON EIVIS TG
1ndui oipne juanbasgns
H 09 243 JO awi 1e ndut oipne jusnbasgns
IBAS} DIUDPLUOD 4] 104 UOIIBWIOUT {ENIXSIUOD QUIULISLR(]
715 paindiuodaid e ueyl 121e2i8 st Yojew ay)
JO 1010E} 32USPHUO0I 3yl Joyloym 3uuiielag 565 D

109

U.S. Patent



US 11,087,740 B2

Sheet 8 of 8

Aug. 10, 2021

U.S. Patent

808

908

708

8 'Ol

LBOonosliajul U it pUNOS JRIIXS|-UsU
g SiIndul opne psaisdal 343 18U fUiS18(

$PUNOZ Y3ie

E3IX3) AU LY A SPUNOoS 1831X3} o Ajieanid
B JO 9U0 seyIiRy Indul CIPNE 343 §§ 8UliLIals(]

ON

R

-I-'l-'--l-'l-i-'l-'l-'--l-'l-'--l-'-'I--l-'l-'--l-'l-'-'l-'l-'--l-'l-'--l-***********************J

(
705

.I."l-'-'l-'-i-'l-'l-'--l-'l-'l-'l-'-'l--l-'l-'--l-'-'I-'l-'l-'--l-'l-'-'l-'-i-*i—**i—*i—*********i—**i—*i—*‘

l

80L

904

0L

1a1e 81!
oipne 243 JO UOIIBLIOLUL {ENIXIIU0D BU] O)
1024 feudis olpne urjD1ety 343 JO UoIIRWIOIW

§ PUNOJ YoIBN

saifjasd {eUdss aipne
10 Apeanid 243 JO U0 SIYDIBLS S1UsUOUI05
I0W 10 U0 YT JO U0 IBUIUM SUIILRIB(

UO1R IO U
(ENIXSIU03 BUpUodsaiios asisdwo sapoid
FBUGLS OIPNE 34l Uissaym ‘sapjoid jrpuSis oipne
30 Ajjeanid e 03 Jusuodizod yzes asedwio)

SIU3UCAWND
OO0 BL0UE 10 QU0 O 1N OIPNEe DYl 85184

ON

09



US 11,087,740 B2

1

SYSTEMS AND METHODS FOR TRAINING
A CONTROL SYSTEM BASED ON PRIOR
AUDIO INPUTS

BACKGROUND

The present disclosure 1s directed to techniques for asso-
ciating state changes with audio mputs and, more particu-
larly, to training a control system based on prior non-lexical
or interjectional audio inputs.

SUMMARY

Conventional approaches for training control systems are
based on known voice commands for executing program-
mable functions. In these conventional approaches the
known voice command must be associated by the control
system with executable functions. However, training a con-
trol system based on a detected utterance that 1s non-lexical
or 1nterjectional (e.g., a non-known voice command)
remains technically challenging, as conventional approaches
cannot associate the non-lexical or interjectional utterance to
a specific executable function.

Accordingly, systems and methods are disclosed herein
for traiming a control system based on prior non-lexical or
interjectional audio mputs. The disclosed systems and meth-
ods receive a non-lexical or interjectional audio input. State
change indications are also received by the system within a
predefined period of time starting from the time the system
received the audio mput. The predefined period of time 1s
utilized by the system such that only state change indications
that are received within this period are stored in the asso-
ciative data structure. The system determines contextual
information for the audio input using control circuitry. The
system then stores the audio mnput, the contextual informa-
tion, and the one or more state change indications 1 an
associative data structure 1n a memory.

A subsequent audio nput, that 1s also non-lexical or
interjectional, may be received by the system and contextual
information of the subsequent audio input 1s determined.
The system then determines 1f the audio 1nputs of both the
audio mput and the subsequent audio input match, and
whether the contextual information for the audio mput and
the subsequent audio input match. It so, the system stores a
match association for the subsequent audio mput to the
audio mput 1n the associative data structure.

In some embodiments disclosed herein, the match asso-
ciation may have a confidence factor. The confidence factor
may be adjusted or scaled. For example, the system may
determine whether the confidence factor i1s greater than a
preconfigured confidence level. It so, functions are executed
based on stored state change indications. In another dis-
closed approach, statistical information associated with the
match association 1s determined. The system then calculates
the confidence factor by applying a mathematical operation
to a previous confidence factor, where the mathematical
operation uses the statistical information.

A number of techniques for determining contextual infor-
mation for the subsequent audio mput are disclosed herein.
For example, the audio mput may be parsed into compo-
nents. The components are then compared to an audio signal
profile to see 11 any of the components match the audio
signal profile. If so, the audio signal profile, which includes
contextual information, 1s assigned to the contextual infor-
mation for the audio mput. In another disclosed approach,
the audio 1nput includes metadata that contains contextual
information. The system assigns this contextual information
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2

from the metadata to the audio input. In yet another dis-
closed approach, the system receives contextual information
associated with the audio mput from a contextual data
structure. The system then assigns the received contextual
information as the contextual information for the audio
input.

In some variants, the system may determine whether the
audio 1nput 1s a non-lexical sound or an interjection by
comparing the recerved audio mput to a lexical sound data
structure to determine 11 the audio mput matches one of a
plurality of lexical sounds. If not, the system determines that
the received audio mput 1s a non-lexical sound or an
interjection.

BRIEF DESCRIPTION OF THE DRAWINGS

The below and other objects and advantages of the
disclosure will be apparent upon consideration of the fol-
lowing detailed description, taken in conjunction with the
accompanying drawings, in which like reference characters
refer to like parts throughout, and 1n which:

FIG. 1A shows an illustrative diagram of a control system
interacting with databases and devices, 1n accordance with
some embodiments of the disclosure;

FIG. 1B shows an 1illustrative data tlow diagram of the
control system receiving subsequent audio imputs and
executing functions based on state change indications, 1n
accordance with some embodiments of the disclosure;

FIG. 2 shows an 1llustrative diagram of an associative data
structure entry, 1n accordance with some embodiments of the
disclosure:

FIG. 3 shows an 1llustrative system diagram of the control
system, associative data structure, contextual data structure,
and multiple devices, 1n accordance with some embodiments
of the disclosure;

FIG. 4 shows an illustrative block diagram of the control
system, 1n accordance with some embodiments of the dis-
closure;

FIG. 5 1s an illustrative flowchart of a process for training
a control system based on prior non-lexical or interjectional
audio mputs, in accordance with some embodiments of the
disclosure:

FIG. 6A 1s an illustrative flowchart of a process for
adjusting the confidence factor of the match association, 1n
accordance with some embodiments of the disclosure;:

FIG. 6B 1s an illustrative flowchart of a process for
executing functions based on the stored state change indi-
cations, 1n accordance with some embodiments of the dis-
closure;

FIG. 7 1s an 1llustrative flowchart of a process for assign-
ing the corresponding contextual information of the match-
ing audio signal profile to the contextual information of the
audio 1nput, 1n accordance with some embodiments of the
disclosure; and

FIG. 8 1s an 1llustrative flowchart of a process for deter-
mining that the received audio mput 1s a non-lexical sound
or an interjection, 1n accordance with some embodiments of
the disclosure.

DETAILED DESCRIPTION

FIG. 1A shows an illustrative diagram 100 of a control
system 1nteracting with databases and devices, 1n accor-
dance with some embodiments of the disclosure. A control
system, within a defined environment of devices 107, may
receive an audio input 102 from a first device. The system
receives state change information 104 from one or more
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devices. The control system then stores the audio input,
contextual information and state change indications in an
associative data structure 106.

The defined environment may be a residence, workplace,
hospital, outdoor area, traflic intersection, classroom, fac-
tory, manufacturing facility, aquatic facility, college campus,
security facility, public work space, hotel, event space, city
square, public park, enclosed environment, open environ-
ment, conference center, retail center or other public or
private location.

Example devices may include microphones, cameras,
sensors, computers, medical equipment, oflice equipment,
point-of-sale equipment, lighting, speakers, displays, com-
munications equipment, security equipment, appliances,
automated machinery, vehicles, or similar devices.

The non-lexical audio mnputs may be door closing/open-
ing, clicking, creaking, motor sounds, road noise, whirring,
squeaking, rumbling, coughs, sneezes, whimpers, breathing
patterns, snaps, crackles, footsteps, bodily auditory patterns,
engine noises, distress signals, tones, sighing, dragging,
scullling, shuflling, rustling, tapping, knocking, water or air
flow, grinding, spraying, or similar audio nputs.

Interjectional audio input may be a spontaneous utterance
which may lack grammatical connection. The interjectional
audio mput may be lexical or non-lexical.

The control system may be trained over time to monitor
state-changes 1n a defined environment based on non-lexical
or interjectional audio mnputs and contextual information of
the associated state changes that result. For example, the
sound of water flowing under a given set of contextual
circumstances resulting in closing a valve, would lead to the
control system automatically closing the valve when the
audio signal and contextual circumstances yield a high-
confldence match with an associated data structure.

FIG. 1B continues from FIG. 1A by illustrative diagram
101 showing a control system receiving subsequent audio
inputs and executing functions based on state change indi-
cations, 1n accordance with some embodiments of the dis-
closure. The control system may receive a subsequent audio
input at a later time after the audio mput 1s received 108. For
example, a subsequent audio mput 1s detected at approxi-
mately the same time the following day. The control system
retrieves the contextual information regarding the subse-
quent audio input. Contextual information may include any
information related to the defined environment, or related to
devices within the defined environment at, or approximately
close to, the time of a state-change of a device in the defined
environment. Contextual information may include, but 1s not
limited to, the specific day, time of day, currently running
applications, number of people present within the defined
environment, system status, weather, temperature, humidity,
season, quantities, procedural steps 1n a process, data access
and the type of data being accessed, age, functionality,
power consumption, pressure, weight, or similar metrics.
The control system then retrieves stored audio mput of the
first audio mput and corresponding contextual information
110. The control system determines 11 the current audio 1nput
interjection matches the first audio input interjection. The
control system determines a match when the audio mputs are
of the same audio signature and 1t appears the audio inputs
are matching. The control system further determines
whether the contextual information for both audio mputs are
similar and constitute a match. In some embodiments,
matching may require a similarity comparison to a matching,
threshold, where i the matching threshold 1s exceeded, the
inputs are considered matched. In other embodiments, a
match 1s deemed when specific key information exists
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4

within both nputs, or parsed versions of the input. Because
both the audio mputs are matching, and corresponding
respective contextual information are matching, a match
association between both audio mputs 1s stored in the
associative data structure. The match association also
includes a confidence factor of the match based on the

similarity of the match, which 1s also stored 1n the associa-
tive data structure. The control system determines whether
this confidence factor 1s greater than a preconfigured con-
fidence factor. If so, the control system executes a function
112 based on the state change.

The control system applies the predefined period of time
starting from receipt of the audio 1 various implementa-
tions. Upon receipt of the audio input, the control system
executes a timer based on a predefined period of time. In
some embodiments, the predefined period of time may be
preconfigured by the system as a static value. In some
embodiments, the predefined period of time may be dynami-
cally adjusted based on various environmental factors and/or
historical contextual information of the control system. In
some embodiments, 11 no state change indication 1s detected
within the predefined period of time, the system times out
and will revert back to the receiving a new audio input and
restart the system/method. Thus, a loop implementation of
the current technique may be implemented on the control
system with a time-out functionality to the predefined time
period.

The execution of the one or more functions by the control
system may be implemented using various approaches. In
some embodiments, when the control system executes one
or more functions, the functions include one or more con-
firmatory functions. For example, the control system may
request confirmation of execution of a specific function. The
control system may receive a selection of a confirmatory
function, and store the confirmatory function, the subsequent
audio mput, and the contextual information for the subse-
quent audio mput 1n the associative data structure in the
memory.

In other embodiments, execution of the one or more
functions may include transmitting an 1nstruction to a net-
work-connected device within the defined network. The
instruction may be based on the stored one or more state
change indications. The environment may include one or
more connected devices, or Internet-of-Things device, or a
similar wirelessly connected device which 1s communica-
tively coupled to the control system. The control system may
then store the one or more functions of the network-con-
nected device, the subsequent audio mput, and the contex-
tual mformation for the subsequent audio mput in the
associative data structure 1in the memory.

Determining the contextual immformation may be imple-
mented using various approaches. In some embodiments, the
control system parses the audio mput into one or more audio
components. Various parsing techniques may be used to
parse the audio 1nput into various components. The control
system compares each component, of the one or more audio
components, to a plurality of audio signal profiles. The audio
signal profiles may include the corresponding contextual
information. The control system determines whether one of
the one or more components matches one of the plurality of
audio signal profiles. In a positive determination, the control
system assigns the corresponding contextual information of
the matching audio signal profile to the contextual informa-
tion of the audio mput. An audio signal profile may be any
audio signal, or audio signal component, which has corre-
sponding contextual data. In some embodiments, audio
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signal profiles are stored in a database for retrieval for
comparison to received audio and subsequent audio 1nputs.

In other embodiments, the audio mput further comprises
metadata including corresponding contextual information of
the audio mput. For example, the audio mput may be
received by digital packets, and within the digital transmis-
sion there may be additional metadata 1n the header, or
within any other segment, of the digital packet relating to the
details of the audio input. The control system may assign the
corresponding contextual information of the audio input
(e.g., the contextual information found 1n the metadata) as
the contextual information for the audio input.

Some variants of the system provide for the control
system rece1ving contextual information associated with the
audio mput from a contextual data structure. For example,
various databases containing corresponding contextual
information to the audio mput may be interfaced with to
retrieve the corresponding contextual information. The con-
trol system may assign the corresponding contextual infor-
mation of the audio mnput (e.g., the contextual information
found 1n the database) as the contextual information for the
audio input. In some embodiments, the database may be a
part of the control system. In some embodiments, the
database may be a cloud-based database communicatively
coupled to the control system.

The control system may adjust the confidence factor of
the match association based on finding a match. For
example, 1f the subsequent audio input matches the stored
audio mput and the contextual information for the subse-
quent audio input matches the stored contextual information
of the audio iput, the control system may adjust the
confidence factor to provide an indication to the system that
the match for this particular audio mput has been seen
previously and 1t has matched many times without false
association. The adjustment to the confidence factor may
take many forms. In some embodiments, the adjustment may
be an incremental adjustment made to the previous confi-
dence factor each time a match association 1s made. In some
embodiments, statistical information associated with the
match mformation may be used to calculate the amount of
incrementation. For example, the number of times this
match association has occurred within a month can be taken
into consideration when determining the amount of incre-
mentation. The control system may calculate the confidence
factor by applying a mathematical operation to a previous
confidence factor associated with the match association,
wherein the mathematical operation utilizes the statistical
information of the match association.

In some embodiments, the control system may determine
whether the audio input 1s a non-lexical sound or an inter-
jection. The control system first compares the received audio
input to a lexical sound data structure. The lexical sound data
structure may be populated or pre-tramned with various
dictionaries to include all varniants of known lexical sounds
used i proper language and/or colloqual language. The
control system determines 1f the audio input matches one of
a plurality of lexical sounds within the lexical sound data
structure. If there 1s no match, the control system determines
that that the received audio input 1s a non-lexical sound or
an interjection.

FI1G. 2 shows an illustrative diagram 200 of an associative
data structure entry 202, 1 accordance with some embodi-
ments of the disclosure. The associative data structure entry
includes audio input data 204. The audio input data may be
in any data format. The associative data structure also
includes contextual imnformation 206. The contextual infor-
mation may be recerved from a number of sources and 1s
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associated by the control system with the audio mnput data.
The associative data structure entry includes state change
indications 208 associated with the audio input data. The
associative data structure may be of any data structure type
that provides for an entry to associate the contextual infor-
mation and state change mmformation with an audio input
data.

FIG. 3 shows an illustrative system diagram 300 of the
control system, associative data structure, contextual data
structure, and multiple devices, 1n accordance with some
embodiments of the disclosure. The control system 302 may
be of any hardware that provides for the functionality of the
disclosed techniques for training a control system based on
prior non-lexical or interjectional audio mputs. The control
system may be communicatively coupled to multiple
devices 1 a defined environment (e.g., device 1 (306),
device 2 (308), device 3 (310), device n). The control system
may be communicatively coupled to an associative data
structure 304. In some embodiments, the control system 1s
communicatively coupled to a contextual data structure. A
turther detailed disclosure on the control system can be seen
in FIG. 4 showing an illustrative block diagram of the
control system, in accordance with some embodiments of
the disclosure.

In some embodiments, the control system may be embed-
ded within a device within the defined environment having
shared hardware of the device. For example, 1n a security
system which implements an Internet-of-Things (IoT) cam-
era system, the control system may be part of the hardware
of the camera rather than distinct hardware. In other vari-
ants, the IoT camera would be communicatively coupled
(e.g., by Bluetooth or Wi-Fi) to a computing unit functioning
as the control system. Any of the system modules (e.g.,
control system, contextual data structure, associative data
structure, devices) may be any combination of shared or
disparate hardware pieces that are communicatively
coupled.

The devices 1n the defined environment (e.g., device 1
(306), device 2 (308), device 3 (310), device n) may be any
device that have state change properties. For example, the
device may be any processor-based system, electronic
device, sensor, state machine, retrofit network-connected
device with state detection. In various systems, devices can
include, but are not limited to, network-connected devices
(e.g., Internet-of-Things devices), smartphones, personal
computers, smart appliances, consumer electronics, indus-
trial equipment, security systems, digital twin systems, and
similar system. The state change of the device 1s detected by
the control system through a communication means (e.g.,
network connection, Bluetooth, hardwire, electric wire,
phone cable, or any other communicative means).

The associative data structure 304 may be any database,
server, computing device that contains memory for storing
entries to associate the contextual information and state
change information with an audio mnput data.

The contextual data structure 312 may be any database,
server, or computing device that contains memory for stor-
ing contextual information associated with state changes of
devices within a defined environment. In some embodi-
ments, the contextual data structure 1s a module of the
control system.

FIG. 4 shows an illustrative block diagram 400 of the
control system 402, in accordance with some embodiments
of the disclosure. In some embodiments, the control system
may be communicatively connected to a user interface. In
some embodiments, the control system may include pro-
cessing circuitry, control circuitry, and storage (e.g., RAM,
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ROM, hard disk, removable disk, etc.). The control system
may include an input/output path 406. I/O path 406 may
provide device mformation, or other data over a local area
network (LAN) or wide area network (WAN), and/or other
content and data to control circuitry 404, which includes
processing circuitry 408 and storage 410. Control circuitry
404 may be used to send and receive commands, requests,
and other suitable data using I/O path 406. I/O path 406 may
connect control circuitry 404 (and specifically processing
circuitry 408) to one or more communications paths.

Control circuitry 404 may be based on any suitable
processing circuitry such as processing circuitry 408. As
referred to herein, processing circuitry should be understood
to mean circuitry based on one or more miCroprocessors,
microcontrollers, digital signal processors, programmable
logic devices, field-programmable gate arrays (FPGAs),
application-specific integrated circuits (ASICs), etc., and
may include a multi-core processor (e.g., dual-core, quad-
core, hexa-core, or any suitable number of cores) or super-
computer. In some embodiments, processing circuitry may
be distributed across multiple separate processors or pro-
cessing units, for example, multiple of the same type of
processing units (e.g., two Intel Core 17 processors) or
multiple different processors (e.g., an Intel Core 15 processor
and an Intel Core 17 processor). In some embodiments,
control circuitry 404 executes mstructions for a control
system stored 1n memory (e.g., storage 410).

Memory may be an electronic storage device provided as
storage 410 which 1s part of control circuitry 404. As
referred to herein, the phrase “electronic storage device” or
“storage device” should be understood to mean any device
for storing electronic data, computer soitware, or firmware,
such as random-access memory, read-only memory, hard
drives, solid state devices, quantum storage devices, or any
other suitable fixed or removable storage devices, and/or any
combination of the same. Nonvolatile memory may also be
used (e.g., to launch a boot-up routine and other nstruc-
tions).

The control system 402 may be coupled to a communi-
cations network. Communications network may be one or
more networks including the Internet, a mobile phone net-
work, mobile voice or data network (e.g., a 5G, 4G or LTE
network), mesh network, peer-2-peer network, cable net-
work, or other types of communications network or combi-
nations of communications networks. Paths may separately
or together include one or more communications paths, such
as, a satellite path, a fiber-optic path, a cable path, a path that
supports Internet communications, free-space connections
(e.g., Tor broadcast or other wireless signals), or any other
suitable wired or wireless communications path or combi-
nation of such paths.

FIG. 5 15 an 1llustrative flowchart of a process for training,
a control system based on prior non-lexical or interjectional
audio mputs, 1n accordance with some embodiments of the
disclosure. Process 500, and any of the following processes,
may be executed by control circuitry 404 (e.g., 1n a manner
instructed to control circuitry 404 by the control system).
Control circuitry 404 may be part of control system 402, or
ol a remote server separated from the control system by way
of a communication network, or distributed over a combi-
nation of both.

At 3502, the control system, by control circuitry 404,
receives an audio mput. The audio mput includes a non-
lexical sound or an interjection. The control system may
receive the audio mput through the 1/0 path 406 which may
be coupled to another device, or an audio sensor to detect
and receive the audio mput. At 504, the control system, by
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control circuitry 404, receives one or more state change
indications within a predefined period of time starting from
the receipt of the audio input. The state changes may be
received by the control system through the I/O path 406
which may detect a state change from a device 1n the defined
environment. In some embodiments, the control circuitry
404 receives data regarding a state change from a device
within the defined environment. At 506, control circuitry
404 determines whether the one or more state change
indications are received within a predefined period of time.
Control circuitry 404, may implement a timer upon receipt
of the audio input to determine the current time and compare
against the predefined period of time. The predefined period
of time may be stored in storage 410 of the control system
402. If, at 506, control circuitry 404 determines “No,” the
one or more state change indications are not received within
a predefined period of time, the process reverts to Start.

If, at 506, control circuitry determines “Yes,” the one or
more state change indications are received within a pre-
defined period of time, the process advances to 508. At 508,
control circuitry 404 determines the contextual information
for the audio mput at the time of the audio 1nput. In some
embodiments, the determination of the contextual informa-
tion for the audio input may be retrieved from storage 410.
In other variants, the contextual information of the audio
iput 1s received from a contextual immformation database
received through the I/O path 406 of the control system 402.
In other embodiments, the control system determines the
contextual information based on data related to the audio
input using processing circuitry 408.

At 510, the control system, by control circuitry 404, stores
the audio input, the contextual information, and the one or
more state change indications in an associative data structure
in a memory. In some embodiments, the associative data
structure may be part of the control system 402 in storage
410. In other embodiments, the control system 402 provides
istructions for storage to the associative data structure
through an 1/0 path 406.

FIG. 6A 1s an illustrative flowchart of a process 600 for
adjusting the confidence factor of the match association, 1n
accordance with some embodiments of the disclosure. At
602, the control system receives, by control circuitry 404, a
subsequent audio input. The subsequent audio mmput com-
prises a non-lexical sound or an interjection. The control
system may receive the subsequent audio input through the
I/0 path 406, which may be coupled to another device, or an
audio sensor to detect and receive the audio mput.

At 604, control circuitry 404 determines the contextual
information for the subsequent audio 1mnput at the time of the
subsequent audio mput. In some embodiments, the determai-
nation of the contextual information for the subsequent
audio mput may be retrieved from storage 410. In other
variants, the contextual information of the subsequent audio
iput 1s received from a contextual immformation database
received through the I/O path 406 of the control system 402.
In other embodiments, the control system determines the
contextual information based on data related to the subse-
quent audio 1mput using processing circuitry 408.

At 606, control circuitry 404 determines whether the
subsequent audio mput matches the stored audio mnput, and
whether the contextual information for the subsequent audio
input matches the stored contextual information of the audio
input. The matching may be calculated by processing cir-
cuitry 408. If, at 608, control circuitry 404 determines “No,”
the subsequent audio mput does not match the stored audio
input, or the contextual information for the subsequent audio
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input does not match the stored contextual information of
the audio iput, the process advances to “End.”

If, at 608, control circuitry determines “Yes,” the subse-
quent audio input matches the stored audio input, and the
contextual information for the subsequent audio 1nput
matches the stored contextual information of the audio
input, the process advances to 610. At 610, control circuitry
404 stores a match association for the subsequent audio
input to the audio mput 1n the associative data structure,
wherein the match association comprises a confidence factor
of the match association. In some embodiments, the match
association 1s stored within the associative data structure,
which may be part of the control system 402 1n storage 410.
In other embodiments, the control system 402 provides
instructions for storage of the match association to the
associative data structure through an I/O path 406.

At 612, control circuitry 404 adjusts the confidence factor
of the match association. The adjustment of the confidence
factor may involve determining statistical information asso-
ciated with the match association. Processing circuitry 408
may be used to help adjust the confidence factor for the
match association. In some embodiments, after step 612 the
process advances to “End.” In other embodiments, after step
612 the process advances to 614.

FIG. 6B 1s an illustrative flowchart of a process for
executing functions based on the stored state change indi-
cations, 1n accordance with some embodiments of the dis-
closure. At 614, the control system determines, by control
circuitry 404, whether the confidence factor of the match 1s
greater than a preconfigured confidence level. If, at 616,
control circuitry 404 determines “No,” the confidence factor
of the match 1s not greater than the preconfigured confidence
level, the process advances to “End.”

If, at 616, control circuitry determines “Yes,” the confi-
dence factor of the match 1s greater than the preconfigured
confidence level, the process advances to 618. At 618,
control circuitry 404 executes one or more functions based
on the stored one or more state change indications. The one
of more functions may be executed through the I/O path 406
of the control system 402. In some embodiments, the
execution requires the functions to be executed on a net-
work-connected device for which execution instructions are
sent from the control system through the I/O path 406. In
some embodiments, the stored state change indications may
be part of the control system 402 in storage 410. In other
embodiments, the control system 402 may retrieve the
stored state change indications from the associative data
structure through an 1/0 path 406.

FIG. 7 1s an 1illustrative flowchart of a process 700 for
assigning the corresponding contextual immformation of the
matching audio signal profile to the contextual information
of the audio mput, 1n accordance with some embodiments of
the disclosure. At 702, control circuitry 404 parses the audio
input ito one or more audio components. Processing cir-
cuitry 408 may be implemented to parse the audio input.

At 704, control circuitry 404 compares each component,
of the one or more audio components, to a plurality of audio
signal profiles. The audio signal profiles comprise corre-
sponding contextual information the audio mput into one or
more audio components. In some embodiments, the control
system may retrieve the audio signal profiles from the
assoclative data structure. In other variants, the control
system may retrieve the audio signal profiles from storage
410.

At 706, the control system determines, by control cir-
cuitry 404, whether one of the one or more components
matches one of the plurality of audio signal profiles. If, at
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708, control circuitry 404 determines “No,” the one of the
one or more components does not match one of the plurality
of audio signal profiles, the process advances to 606.

If, at 708, control circuitry determines “Yes,” the one of
the one or more components matches one of the plurality of
audio signal profiles, the process advances to 710. At 710,
control circuitry 404 assigns the corresponding contextual
information of the matching audio signal profile to the
contextual information of the audio put.

FIG. 8 1s an 1llustrative flowchart of a process for deter-
mining that the received audio mput 1s a non-lexical sound
or an interjection, 1 accordance with some embodiments of
the disclosure. At 802, control circuitry 404 compares the
received audio mput to a lexical sound data structure.
Processing circuitry 408 may be implemented to compare
the recerved audio to the lexical sound data structure. The
control system may communicate via the I/O path 406 to the
lexical sound data structure. In some embodiments, the
lexical sound data structure 1s integrated within the control
system, specifically in storage 410.

At 804, the control system determines, by control cir-
cuitry 404, whether the audio input matches one of a
plurality of lexical sounds within the lexical sound data
structure. If, at 806, control circuitry 404 determines “No,”
the audio input does not match one of the plurality of lexical
sounds within the lexical sound data structure, the process
advances to 504.

If, at 806, control circuitry determines “Yes,” the audio
input matches one of the plurality of lexical sounds within
the lexical sound data structure, the process advances to 808.
At 808, control circuitry 404 determines that the recerved
audio 1mput 1s a non-lexical sound or an interjection.

It 1s contemplated that the steps or descriptions of FIGS.
5-8 may be used with any other embodiment of this disclo-
sure. In addition, the steps and descriptions described 1n
relation to FIGS. 5-8 may be done 1n alternative orders or in
parallel to further the purposes of this disclosure. For
example, each of these steps may be performed in any order
or in parallel or substantially sitmultaneously to reduce lag or
increase the speed of the system or method. Any of these
steps may also be skipped or omitted from the process.
Furthermore, it should be noted that any of the devices or
equipment discussed 1n relation to FIGS. 3-4 could be used
to perform one or more of the steps in FIGS. 5-8.

The processes discussed above are intended to be 1llus-
trative and not limiting. One skilled 1n the art would appre-
ciate that the steps of the processes discussed herein may be
omitted, modified, combined, and/or rearranged, and any
additional steps may be performed without departing from
the scope of the mnvention. More generally, the above
disclosure 1s meant to be exemplary and not limiting. Only
the claims that follow are meant to set bounds as to what the
present invention includes. Furthermore, 1t should be noted
that the features and limitations described 1in any one
embodiment may be applied to any other embodiment
herein, and tlowcharts or examples relating to one embodi-
ment may be combined with any other embodiment in a
suitable manner, done 1n different orders, or done 1n parallel.
In addition, the systems and methods described herein may
be performed 1n real time. It should also be noted that the
systems and/or methods described above may be applied to,
or used 1n accordance with, other systems and/or methods.

What 1s claimed 1s:
1. A method for tramning a control system based on prior
audio iputs, the method comprising:
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receiving, by control circuitry, an audio mput, wherein the
audio 1nput comprises a non-lexical sound or an nter-
jection;

receiving, by the control circuitry, one or more state

change indications within a predefined period of time
starting from the receipt of the audio put; and

In response to receiving one or more state change indi-

cations within the predefined period of time:
determining, by the control circuitry, contextual infor-
mation for the audio mput at the time of the audio
input; and
storing, by the control circuitry, the audio input, the
contextual information, and the one or more state
change indications 1n an associative data structure 1n
a memory.
2. The method of claim 1 further comprising;:
receiving, by the control circuitry, a subsequent audio
input, wherein the subsequent audio 1input comprises a
non-lexical sound or an interjection;
determining, by the control circuitry, contextual informa-
tion for the subsequent audio input at the time of the
subsequent audio input; and

in response to determining, by the control circuitry, (a) the

subsequent audio input matches the stored audio 1nput

and (b) the contextual mnformation for the subsequent

audio mput matches the stored contextual information

of the audio input:

storing, by the control circuitry, a match association for
the subsequent audio 1nput to the audio input 1n the
associative data structure, wherein the match asso-
ciation comprises a confidence factor of the match
association; and

adjusting, by the control circuitry, the confidence factor
of the match association.

3. The method of claim 2, wherein 1n response to deter-
mimng, by the control circuitry, (a) the subsequent audio
input matches the stored audio mput and (b) the contextual
information for the subsequent audio input matches the
stored contextual information of the audio input, further
COmMprises:

determining, by the control circuitry, whether the confi-

dence factor of the match 1s greater than a preconfig-
ured confidence level; and

in response to determining the confidence factor of the

match 1s greater than a preconfigured confidence level,
executing, by the control circuitry, one or more func-
tions based on the stored one or more state change
indications.

4. The method of claim 3, wherein:

executing, by the control circuitry, one or more functions

comprises providing a confirmatory function;

and the method further comprises:

receiving, by the control circuitry, a selection of the
confirmatory function; and

storing, by the control circuitry, the confirmatory func-
tion, the subsequent audio mput, and the contextual
information for the subsequent audio mput 1n the
associative data structure 1 the memory.

5. The method of claim 3, wherein:

executing, by the control circuitry, one or more functions

comprises transmitting an 1instruction to a network-
connected device, the instruction based on the stored
one or more state change indications;

and the method further comprises storing, by the control

circuitry, the one or more functions, the subsequent
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audio mput, and the contextual information for the
subsequent audio mput 1n the associative data structure
in the memory.

6. The method of claim 1, wherein determining, by the
control circuitry, contextual information for the audio input,
turther comprises:

parsing, by the control circuitry, the audio iput 1nto one

or more audio components;
comparing, by the control circuitry, each component, of
the one or more audio components, to a plurality of
audio signal profiles, wherein the audio signal profiles
comprise corresponding contextual information;

determining, by the control circuitry, whether one of the
one or more components matches one of the plurality of
audio signal profiles; and

in response to the determination that one of the one or

more components matches one of the plurality of audio
signal profiles, assigning, by the control circuitry, the
corresponding contextual mnformation of the matching
audio signal profile to the contextual information of the
audio 1nput.

7. The method of claim 1, wherein:

the audio mput further comprises metadata including

corresponding contextual information of the audio
input; and

determiming, by the control circuitry, contextual informa-

tion for the audio mput further comprises assigning the
corresponding contextual information of the audio
input as the contextual information for the audio input.

8. The method of claim 1, wherein determining, by the
control circuitry, contextual information for the audio mput
further comprises:

recerving, by the control circuitry, contextual information

associated with the audio mput from a contextual data
structure; and

assigning, by the control circuitry, the received contextual

information to the audio mput as the contextual infor-
mation for the audio mput.

9. The method of claim 2, wherein adjusting, by the
control circuitry, the confidence factor of the match asso-
ciation further comprises:

determiming, by the control circuitry, statistical informa-

tion associated with the match association; and
calculating, by the control circuitry, the confidence factor

by applying a mathematical operation to a previous
confldence factor associated with the match associa-
tion, wherein the mathematical operation utilizes the
statistical information of the match association.

10. The method of claim 1 wherein receiving, by control
circuitry, an audio mput, wherein the audio iput comprises
a non-lexical sound or an interjection further comprises:

determining whether the audio put 1s a non-lexical

sound or an interjection by:

comparing, by the control circuitry, the recerved audio
input to a lexical sound data structure;

determining, by the control circuitry, if the audio input
matches one of a plurality of lexical sounds within
the lexical sound data structure; and

in response to the determination that the audio mput
does not match one of a plurality of lexical sounds
within the lexical sound data structure, determining,
by the control circuitry, that the recerved audio mnput
1s a non-lexical sound or an interjection.

11. A system for training a control system based on prior
audio 1puts, comprising:

control circuitry configured to:
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receive an audio mput, wherein the audio mput com-
prises a non-lexical sound or an interjection;
receive one or more state change indications within a

predefined period of time starting from the receipt of

the audio mput; and
in response to receiving one or more state change
indications within the predefined period of time:
determine contextual information for the audio input
at the time of the audio mnput; and
store the audio input, the contextual information, and
the one or more state change indications 1n an
associative data structure 1n a memory.
12. The system of claim 11, wherein the control circuitry
1s further configured to:
receive a subsequent audio mput, wherein the subsequent
audio 1mput comprises a non-lexical sound or an inter-
jection;
determine contextual information for the subsequent
audio 1mput at the time of the subsequent audio mput;
and
in response to a determination that (a) the subsequent
audio 1nput matches the stored audio input and (b) the
contextual information for the subsequent audio mnput
matches the stored contextual information of the audio
input:
store a match association for the subsequent audio input
to the audio input 1n the associative data structure,
wherein the match association comprises a confi-
dence factor of the match association; and
adjust the confidence factor of the match association.
13. The system of claim 12, wherein control circuitry 1s
turther configured to, when 1n response to the determination
that (a) the subsequent audio input matches the stored audio
input and (b) the contextual information for the subsequent
audio mput matches the stored contextual information of the
audio 1put, to:
determine whether the confidence factor of the match 1s
greater than a preconfigured confidence level; and
in response to determining the confidence factor of the
match 1s greater than a preconfigured confidence level,
execute one or more functions based on the stored one
or more state change indications.
14. The system of claim 13, wherein:
execute one or more functions comprises providing a
confirmatory function;
and the control circuitry 1s further configured to:
receive a selection of the confirmatory function; and
store the confirmatory function, the subsequent audio
input, and the contextual information for the subse-
quent audio mput 1n the associative data structure 1n
the memory.
15. The system of claim 13, wherein:
execute one or more functions comprises transmitting an
instruction to a network-connected device, the 1nstruc-
tion based on the stored one or more state change
indications;
and the control circuitry 1s further configured to store the
one or more functions, the subsequent audio mput, and
the contextual mmformation for the subsequent audio
input 1n the associative data structure in the memory.
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16. The system of claim 11, wherein control circuitry 1s
further configured to, when determining contextual infor-
mation for the audio input, to:

parse the audio input into one or more audio components;

compare each component, of the one or more audio

components, to a plurality of audio signal profiles,
wherein the audio signal profiles comprise correspond-
ing contextual information;

determine whether one of the one or more components

matches one of the plurality of audio signal profiles;
and

in response to the determination that one of the one or

more components matches one of the plurality of audio
signal profiles, assign the corresponding contextual
information of the matching audio signal profile to the
contextual information of the audio mput.

17. The system of claim 11, wherein:

the audio mput further comprises metadata including

corresponding contextual information of the audio
input; and

and the control circuitry 1s further configured, when

determining contextual information for the audio input,
1s Turther configured to assign the corresponding con-
textual information of the audio input as the contextual
information for the audio put.

18. The system of claim 11, wherein control circuitry 1s
further configured to, when determining contextual infor-
mation for the audio nput, to:

recerve contextual mnformation associated with the audio

input from a contextual data structure; and

assign the received contextual information to the audio

input as the contextual information for the audio input.

19. The system of claim 12, wherein control circuitry 1s
further configured to, when adjusting the confidence factor
of the match association, to:

determine statistical information associated with the

match association; and

calculate the confidence factor by applying a mathemati-

cal operation to a previous confidence factor associated
with the match association, wherein the mathematical
operation utilizes the statistical information of the
match association.

20. The system of claim 11, wherein control circuitry 1s
further configured to, when receiving an audio input,
wherein the audio mput comprises a non-lexical sound or an
interjection, to:

determine whether the audio 1nput 1s a non-lexical sound

or an interjection by:

compare, by the control circuitry, the received audio
input to a lexical sound data structure;

determine, by the control circuitry, if the audio mput
matches one of a plurality of lexical sounds within
the lexical sound data structure; and

in response to the determination that the audio mput
does not match one of a plurality of lexical sounds
within the lexical sound data structure, determine
that the received audio mnput 1s a non-lexical sound
or an interjection.
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